Roller burnishing is one of the surface finishing processes without removing of a material, where a roller rolls over the machined surface under high pressure and flattens, the roughness peaks into valley. It will improve surface finish, as well as enforces favorable compressive residual stresses and raises hardness in functional surfaces. Aluminium alloys find attractive alternate for high strength applications.
INTRODUCTION Surface Finishing Process
The surface environment of an engineered surface is generally written off, as in terms of surface finish, condition of residual stress, microstructure and hardness. Generally, fine surface finish, high compressive residual stress, and high hardness of the surface layer protract the fatigue life of the components. During 1980's, hard turning technology development made it possible, to replace at least some rough grinding with single-point cutting processes. However, the applications of hard turning as a finishing process are limited by tool wear. To broaden the capability of hard turning as a finishing process, it is practical to provide necessary surface modifications (i.e.
improving surface finish and converting tensile residual stresses to compressive). Therefore, a hard roller burnishing would be best suitable since the burnishing tool can be readily installed on the same CNC machine setting.
Surface Parameters
Surface parameters (roughness, hardness, residual stress) are crucial factors to decide fatigue life of materials. Poor surface finish lead moisture content on surface region of material and import tensile residual stress. mathematical model to correlate burnishing force and number of passes with surface finish. El-Tayeb et al. [15] investigated the effect of ball burnishing parameters such as speed, force, ball diameter and orientation on the surface qualities and tribological properties of burnished surfaces of aluminium 6061, for different burnishing orientation. Rao et al. [16] studied the effect of ball diameter, speed, feed and lubricant on surface hardness of high strength low alloy steel dual-phase steels. They determined the optimal burnishing parameters on dual-phase steels. Loh et al. [17] investigated the effects of various parameters on the surface roughness of aluminium alloy. They discussed optimum burnishing parameters and conditions. El-Khabeery and El-Axir [18] examined the use of the roller burnishing process to improve surface integrity for 6061 aluminium alloy, using a vertical milling machine. To explore the optimum combination of burnishing parameters, the experiments were designed based on RSM with CCD. El-Taweel and El-Axir [19] , studied the analysis and optimization of the ball burnishing process, using Taguchi method. They examined the influence of some burnishing parameters such as speed, feed, force and number of passes on the surface roughness, surface micro-hardness, the improvement ratio of surface roughness and the improvement ratio of surface micro-hardness and determined the optimal combination level of the ball burnishing parameters. El-Axir et al. [20] studied on the surface finishing of 2014 aluminium alloy, by ball burnishing process. The experiments were designed on the basis of RSM with CCD. They developed response models using RSM. El-Taweel and Ebied [21] proposed a novel finishing process, which integrates the merits of electromechanical smoothing and roller burnishing, for minimizing the roundness error and increasing surface microhardness of cylindrical parts. They explored the optimum combinations of the burnishing parameters using RSM. Yan et al. [22] investigated the feasibility and optimization of a rotary electrical discharge machining with ball burnishing for inspecting the machinability of Al composite material using the Taguchi method. Shiou and Hsu [23] determined the optimal flat surface ball burnishing parameters for the stainless mould steel, after having executed the Taguchi's L9 experiments, analysis of variance, the full factorial experiments and confirmation experiments on the machining centre.
Shiou and Cheng [24] , studied the effect of ball burnishing parameters on surface finish of a free form surface plastic NAAS Rating: 3.11 injection mould on a machining centre. For burnishing parameters namely the ball material, burnishing speed, feed and force were selected as the experimental factors of Taguchi's design of experiments to determine the optimal burnishing parameters, which have a dominant influence on surface roughness. Shiou and Chen [25] determined the optimal plane ball-burnishing parameters for plastic injection molding steel PDS 5 on a machining centre, utilizing the Taguchi's orthogonal array method. Basak and Goktas [26] , discussed the burnishing parameters which affect to surface roughness and surface hardness on Al 7075 materials. They developed a fuzzy logic model and obtained the best parameters for the burnishing process. In the present work, desirability function approach together with response surface methodology has been used to minimize surface roughness in ball burnishing process. A quadratic model was developed to predict the effect of the ball burnishing parameters on surface roughness by using multiple regression analysis. Validation experiments were conducted on random set of experiment under optimal conditions. Most of the work on burnishing that has already been published was concerned with the effect of the burnishing process on surface roughness and surface hardness [27] . The changes in the surface characteristics due to burnishing will cause improvements in surface hardness, surface roughness, wear resistance, fatigue and corrosion resistance as claimed by many authors [28] [29] [30] [31] which in turn improve corrosion resistance, wear resistance [32] [33] [34] [35] [36] [37] [38] , tensile strength, larger maximum residual stress in compression [39] [40] [41] 
EXPERIMENTAL DETAILS Schematic Illustration of Burnishing Operation
The figure 1 shows, the roller burnishing process. Roller burnishing tool is used and burnishing force is given vertically.
Figure 1: Schematic Illustration of Burnishing Mechanism
Burnishing 'cold-works' the metal of a machined part Tool marks are rolled out. Grain structure is condensed and refined, and compacted surface is smoother, harder and longer wearing than ground or honed surfaces. Rolling action greatly reduces surface porosity, pits and scratches which could hold reactive surfaces or contaminates. As a result the corrosion resistance of burnished surface is higher than the open surfaces produced by grinding or honing. Depending on the type of material being burnished surface hardness can be increased by as much as 10-RC. This increase often eliminates the need for heat treating or surface treatment as a means of improving wear resistance. Due to plastic deformation in the roller burnishing operation, residual compressive stresses are inducted in the surface of the part.
This compressive stresses greatly increase the strength properties and fatigue life of the part, because any forces on the part must overcome these residual stresses, as well as the tensile strength of the material, before fatigue conditions occur. Power requirements for burnishing are very low due to the small amount of torque generated. Work holding problems are Burnishing Process using Fuzzy Logic www.tjprc.org editor@tjprc.org therefore considerably simplified when designing fixtures and machine setups to be employed in surface finishing with this Type tool.
Work Piece Material
In 
Machining Process
The experiments were performed on an industrial type of CNC lathe. The burnishing tool was mounted on tool holder of the CNC. The work piece was clamped by the three jaw chuck and tailstock Centre of the machine. No coolant was used during burnishing. Photography of the burnishing process is shown in Figure4. Since dry burnishing conditions produced poor surface finish it was decided to apply suitable soluble oil during all tests. It was emulation-type soluble oil mixed with water. In addition, a constant single roller diameter of 48 mm was used throughout this investigation.
TESTING AND ANALYSIS

Measurement of Surface Roughness Values
A repetitive or random deviation from the nominal surface which forms the pattern of the surface is known as surface texture. It includes roughness, waviness, flaws, etc. Waviness is due to the geometric errors of machine tool and Burnishing Process using Fuzzy Logic www.tjprc.org editor@tjprc.org varying stiffness of the machine tool. Roughness is due to the inherent kinematic differences of the cutting process.
Various parameters of surface roughness i.e. Ra, Rz, Rmax measured by using Surface Roughness Tester -211
Mitutoyo, Japan make, as shown in Fig 
Analysis Method
Robust design is an engineering methodology for obtaining product and process conditions, which are minimally sensitive to the various causes of variation to produce high-quality products with low development and manufacturing costs. Taguchi's parameter design is an important tool for robust design. It offers a simple and systematic approach to optimize design for performance, quality and cost. Two major tools used in robust design are
• Signal to noise ratio, which measure quality with emphasis on variation, and
• Orthogonal arrays, which accommodate many design factors simultaneously.
When a critical quality characteristic deviates from the target value, it causes a loss. Continuously pursuing variability reduction from the target value in critical quality characteristics is the key to achieve high quality and reduce cost. The successful applications of Taguchi methods by both engineers and statisticians within British industry have led to the formation of UK Taguchi club. Taguchi's approach is totally based on statistical design of experiments and this can economically satisfy the needs of problem solving and products/process design optimization. By applying this technique one can significantly reduce the time required for experimental investigation, as it is effective in investigating the effects of multiple factors on performance as well as to study the influence of individual factors to determine which factor has more influence, which less.
Taguchi methods are statistical method developed by Dr. Genechi Taguchi, to improve the quality of manufactured goods, marketing and advertising. As a researcher in Electronic control laboratory in Japan, Genechi Taguchi defines the quality of a product, in terms of the loss imparted by the product to the society from the time the product is shipped to the customer. Some of these losses are due to deviation of the product's functional characteristics in product parameters) and product deterioration. The overall aim of quality engineering is to make products that are robust with respect to all noise factors.
The most important stage in the design of an experiment lies in the selection of control factors. As many factors as possible should be included, so that it would be possible to identify non-significant variables at the earliest opportunity
Taguchi creates a standard orthogonal array to accommodate this requirement. Depending on the number of factors, interactions and levels needed, the choice is left to the user to select either the standard or column-merging method or idlecolumn method etc.
Taguchi used the signal-to-noise(S/N) ratio as the quality characteristic of choice. S/N ratio is used as a measurable value instead of standard deviation due to the fact that as the mean decreases, the standard deviation also decreases and vice versa. In other words, the standard deviation cannot be minimized first and the mean brought to the target.
Taguchi has empirically found that the stage optimization procedure involving S/N ratios indeed gives the parameter level combination, where the standard deviation is minimum while keeping the mean on target. This implies that engineering systems behave in such a way that the manipulated production factors can be divided into three categories:
• Control factors, which affect process variability as measured by the S/N ratio.
• Signal factors, which do not influences the S/N ratio or process mean.
• Factors, which do not affect the S/N ratio or process mean.
Two of the applications in which the concept of S/N ratio is useful are the improvement of quality through variability reduction and the improvement of measurement. The S/N ratio characteristics can be divided into three categories when the characteristic is continuous:
• Smaller is the best: S/N = -10log10 (mean of sum of squares of measured data)
• Larger the better: S/N = -10log10 (mean of sum of squares of reciprocal data)
• Nominal is the best: S/N = -10 log10 (square of mean /variance)
For each type of the characteristics, with the above S/N ratio transformation, the higher the S/N ratio the better is the result
Fuzzy Logic
The conventional method to achieve lower surface roughness and cutting forces at different machining parameters is the "trial and error" approach. However, "trial and error" approach is very time consuming due to the large number of experiments. Hence, a reliable systematic approach to predict the surface roughness at different parameters condition is thus required to cover all the parameters range in a few numbers of experiments. Soft computing techniques are useful when exact mathematical information is not available and these differ from conventional computing in that it is tolerant of imprecision, uncertainty, partial truth, approximation, and met heuristics. Fuzzy logic is one of the soft computing Burnishing Process using Fuzzy Logic www.tjprc.org editor@tjprc.org techniques that play a significant role in input output matrix relationship modeling. It is used when subjective knowledge and suggestion by the expert are significant in defining objective function and decision variables. Fuzzy logic is preferred to predicting surface roughness performance based on the input variables due to nonlinear condition in machining process.
This paper applies the fuzzy logic to develop the rule model in order to predict the surface roughness of a machined surface in roller burnishing operation using single roller burnishing tool.
Following the literature above, for predicting of the surface roughness, this study has been conducted by spindle speed, feed rate and depth of cut as machining parameters. Fuzzy rule base method is proposed to predict surface roughness and hardness in burnishing process using tungsten carbide.
Fuzzy Logic Based Model to Predict Surface Roughness
The relationship between input parameters which are the lubrication pressure, spindle speed, feed rate and depth of cut with the output parameter which is surface roughness of a machined surface in glass milling operation were referred to construct the rules. Fuzzy linguistic variables and fuzzy expression for input and output parameters are shown in Table. For each input variable, four membership functions were used which are Low, Medium, High, and Very High. The output variable surface roughness also used four membership functions; Best, Good, Average and Bad.
Membership Functions for Input and Output Fuzzy Variables
In choosing the membership functions for fuzzification, the event and type of membership functions are mainly dependent upon the relevant event [45] . In this model, each input and output parameter has four membership functions.
Gauss shape of membership function is employed to describe the fuzzy sets for input variables. In output variables fuzzy set, triangular shape of membership functions are used. Triangular membership function is generally used and possesses gradually increasing and decreasing characteristics with only one definite value [45] . The input variables have been partitioned according to the experiment parameter ranges.
RESULTS AND DISCUSSIONS
Roughness and Hardness Results
An L-27 orthogonal array is selected. For three factors and the columns to be selected are 1, 2 and 5. The factors selected and the levels chosen for the experimentation are shown in table 3.1. The results are analyzed using column effect method at levels 1, 2 and 3 are summed up and the difference at maximum and minimum values are obtained. 11  1  2  2  12  1  2  3  13  2  2  1  14  2  2  2  15  2  2  3  16  3  2  1  17  3  2  2  18  3  2  3  19  1  3  1  20  1  3  2  21  1  3  3  22  2  3  1  23  2  3  2  24  2  3  3  25  3  3  1  26  3  3  2  27 3 3 3 
Effect of Depth of Cut on Surface Roughness and Hardness for Al 2014
The following graphs shows the relationship on surface roughness, hardness with burnishing speed, feed and depth of cut in aluminium 2014 and Effect of depth of cut on surface roughness for different burnishing speed at feed=0.2 mm / Rev, Number of Pass =1.
Figure 7: Effect of Depth of Cut on Surface Roughness
Figure7 shows that the effect of depth of cut on surface roughness for different burnishing speeds. It is apparent that burnishing process improves the surface roughness over depth of cut ranges from 1 mm to 1.5 mm when burnishing speed of 100 rpm and 150 rpm is given. This is due to when roller moves once again on the surface, more friction is developed between the tool and work piece. It can be observed that burnishing process decreases the surface roughness over depth of cut ranges from 1 to 1.5 mm when burnishing speed of 125 rpm is given. It seems that the plastic deformation will occur only when speed is given 125 rpm over the range of 1to1.5mm depth of cut.
Effect of Burnishing Speed on Surface Roughness
The following graph shows, the effect of burnishing speed on surface roughness for different burnishing feed at depth of cut=0.5mm, number of pass = 1.
Figure 8: Effect of Burnishing Speed on Surface Roughness
Figure8 shows the effect of burnishing feed rate on the surface roughness for different burnishing feed. It can be seen that an increase in feed rate decreases the surface roughness of feed 0.2mm/ rev over the speed rate from 100 to 150 Burnishing Process using Fuzzy Logic www.tjprc.org editor@tjprc.org rpm. Also increase in feed rate increases the surface roughness of feed 0.2 and 0.6 mm/ rev over the speed rate from 100 to 150rpm. The effect of feed is very clear on the high feed rate, the high surface roughness. It is better to select low speeds because the deforming action of the burnishing tool is greater and metal flow is regular at low feed. However, as shown in figure 5 the effect of feed on surface roughness depends upon the burnishing feed. When carrying out the burnishing process at 0.4mm/rev feed, an increase in feed leads to decrease in surface roughness.
Effect of Depth of Cut on Surface Roughness and Hardness for Al 6063
The following graph shows the relationship on surface roughness, hardness with burnishing speed, feed and depth of cut in aluminium 6063 and Effect of depth of cut on surface roughness for different burnishing speed at feed=0.2 mm / rev, number of pass =1. Figure 9 shows that the effect of depth of cut on surface roughness for different burnishing speeds. It is apparent that burnishing process improves the surface roughness over depth of cut ranges from 1 mm to 1.5 mm when burnishing speed of 100 rpm and 150 rpm is given. This is due to when roller moves once again on the surface, more friction is developed between the tool and work piece. It can be observed that burnishing process decreases the surface roughness over depth of cut ranges from 1 to 1.5 mm when burnishing speed of 125 rpm is given. It seems that the plastic deformation will occur only when speed is given 125 rpm over the range of 1to1.5mm depth of cut. The step is insignificant factor to get low surface roughness value. Therefore, the optimal combination to get low value of surface roughness is burnishing Speed and feed within the tested range.
Figure 9: Effect of Depth of Cut on Hardness
Analysis of Machining
Interaction Plot for SN Ratios for Third Number of Pass
The average S/N ratio for each level of the three factors is shown in fig. They are separate effects of each factor and commonly called main effects. The goal in the roller burnishing process is to minimize the surface roughness value of the burnished specimen by determining the optimal level of each factor. Study of the figure12 suggests that burnishing speed and interaction between feed rates is more significant. The optimal burnishing speed is 150 rpm and the optimal burnishing feed is 0.2mm/min. Step 3: Apply the Implication Method
The implication method is defined as the shaping of the output membership functions on the basis of the firing strength of the rule. The input for the implication process is a single number given by the antecedent, and the output is a fuzzy set. Two commonly used methods of implication are the minimum and the product. Step 5: Defuzzify
The input for the de fuzzification process is a fuzzy set (the aggregated output fuzzy set), and the output of the defuzzification process is a crisp value obtained by using some defuzzification method such as the centroid, height, or maximum.
CONCLUSIONS
The roller-burnishing surface finishing process of Aluminum 2014 and Aluminum 6063 is done successfully on a lathe center in this paper. The optimal roller burnishing parameters are determined by conducting the process of the Taguchi's L27 orthogonal array; signal-to-noise (S/N) ratio, from the result of analysis in roller burnishing using conceptual S/N ratio approach, the following can be concluded from the paper
Comparing both the material it was observed that the aluminum 2014 gives better results than aluminum 6063.
According to the Experimental Value
• The optimal roller burnishing parameters for better surface roughness 0.520 in Aluminum 2014 are the combination of the burnishing speed 150 rpm, the burnishing feed 0.2 mm / rev and the depth of cut of 1mm
